Pleural effusion is considered the most common presentation of pleural diseases; approximately 50% of cases of pleural effusion remain undiagnosed following thoracentesis.
Introduction
Pleural effusion is considered the most common presentation of pleural diseases [1] ; approximately 50% of cases of pleural effusion remain undiagnosed following thoracentesis [1, 2] .
Thoracentesis is considered the initial diagnostic step for identification of etiology of pleural effusion [3] .
Multiple techniques for pleural biopsy are available, including closed or blind pleural biopsy and image guided as well as thoracoscopic biopsy [4] [5] [6] .
Multiple studies suggested that image-guided biopsy using either ultrasound or computed tomography (CT) increases the diagnostic yield of pleural lesions with low risk of complications [7] [8] [9] .
CT offers excellent spatial resolution and appropriate safe guidance for transthoracic interventional techniques that makes CT-guided (CTG) biopsy the most widely used procedure [6] . CTG biopsy of pleural lesions has been found to increase the sensitivity to 87.5% [9] .
Medical thoracoscopy (MT) is an endoscopic procedure done by pulmonologist under conscious sedation for visualization of the pleural cavity [10, 11] .
Thoracoscopy enables inspection of the pleural cavity including visceral pleura, diaphragmatic pleura, and the lung, which allows appropriate tissue biopsy, which in turn aids in distinction between tumors and fibrotic reaction [12] . MT provides a safe and sensitive technique in diagnosis of exudative pleural effusion [13, 14] .
All patients with unexplained exudative pleural effusion should undergo image-guided pleural biopsy either ultrasound or CTG or thoracoscopy [15, 16] . Thoracoscopy has the ability to drain and diagnose pleural effusion as well as talc pleurodesis [17] .
Purpose
The purpose is to compare between the diagnostic accuracy, safety, and complications of MT versus CTG percutaneous tru-cut pleural biopsy in diagnosis of pleural lesions.
Patients and methods
The patients enrolled in this study were classified into two groups: MT or CTG tru-cut pleural biopsy. The study was approved by the local institute ethical committee.
Eligibility criteria were as follows: patients with exudative pleural effusion of unknown etiology or pleural-based lesion more than 10 mm in diameter that is readily accessible to CTG biopsy provided that these patients have normal coagulation profile, international normalized ratio less than or equal to 1.5, and platelet count more than or equal to 50 000.
Exclusion criteria were as follows: transudative pleural effusion as in heart failure, if pleural lesion is less than 10 mm in diameter or not peripherally located and not accessible for CTG biopsy, patient with bleeding tendency, contraindications for MT-like extensive adhesions which interfere with safe insertion of thoracoscope, previous pneumonectomy, and previous pleurodesis.
The following data were obtained from all patients: detailed history; clinical examination; chest radiography; pleural fluid aspiration, which was done and sent for analysis; and inclusion of exudative pleural effusion according to Light's criteria [18] . CT chest was done for all patients before either CTG pleural biopsy or thoracoscopic biopsy.
The procedure, risks, and benefits were clarified to the patient before a formal consent was obtained. Patients should be fasting for at least 6 h before either MT or CTG biopsy procedures. On the day of biopsy, most recent CT scan and updated coagulation profile were reviewed.
Medical thoracoscopy technique
MT was carried out in the Endoscopy Unit in Chest Department, Tanta University Hospitals, under conscious sedation and local anesthesia. Premedication for patients more than 60 years started with an initial dose of midazolam of 0.5-1 mg intravenous slowly, and titration to 0.5-1 mg, and the total dose did not exceed 3.5 mg. If the patient was below 60 years, initial dose was 2-2.5 mg, with titration to 1 mg, and not exceeding 7.5 mg.
Patient's skin was prepared by shaving, disinfection, and covered by sterile sheets. Positioning the patient on the healthy side, with the diseased side being the uppermost; the thoracoscopist faced the patient. The patient was connected to supplemental oxygen via nasal cannula and monitored continuously by pulse oximetry. Local anesthesia with 15-30 ml lidocaine 1% was injected into the skin, subcutaneous tissue, intercostal muscles, and parietal pleura, and then incision 1-2 cm was done in the axillary line in the fifth or sixth intercostal space followed by blunt dissection using an artery forceps and insertion of the trocar followed by introduction of the rigid thoracoscope (Karl Storz, Tuttlingen, Germany) through it.
Inspection of the pleural cavity was done thoroughly for detection of any lesion and hence biopsy taking by peel and lift method. Multiple biopsies were taken from the parietal pleura and sent for mycobacterial culture and histopathology. Following the procedure, a 24-Fr chest tube with underwater seal was inserted to drain air and fluid to allow the lung to expand; the tube can be removed when the drainage of air and fluid is less than 150 ml/24 h. Vital signs were observed hourly for 6 h after procedure. Chest radiography was done daily for follow-up of the patient. Patient's position (e.g. supine, lateral decubitus, or prone) depends on the site of the lesion. In general, the lesion that has the shortest and safest access is chosen. Moreover, the lesion that is expected to provide a high diagnostic yield is targeted. After patient positioning, Scout view followed by 5-mm thick axial images was acquired using a multidetector CT scanner (LightSpeed VCT, Grandview BLvd., Waukesha, WI., USA).
A mark (ECG lead) was placed on the skin overlying the target lesion. Then, 3-mm-thick axial images were obtained to confirm optimum biopsy track. The puncture site was prepped and then local anesthesia (Lidocaine 1%) was injected using a 25 G needle. Next, a coaxial 17 G guiding needle was inserted under CT guidance into the lesion. Aspirate from the lesion was examined immediately by a histopathology consultant to confirm proper site of the biopsy to avoid negative results. If the aspirate was not representative, then the needle direction is changed, and the new aspirate is examined. Tru-cut needle biopsy was obtained with an 18 G disposable Monopty biopsy gun (Bard) with a penetration depth of 11 mm.
However, if the lesion has a diameter more than 20 mm, then a needle with penetration depth of 22 mm was used. At least three cores were regularly obtained. Postprocedure CT scan for whole chest is routinely performed to verify the possibility of pneumothorax. No treatment is required if a small pneumothorax developed with no symptoms. If pneumothorax is moderate (lung is >2 cm away from the biopsy site) or increased on follow-up radiography or the patient become symptomatic, then a pleural drainage catheter is inserted to help eliminate air from the pleural cavity. One-way Cook Chest Drain Valve is connected to the catheter to allow continued reexpansion of the lung by natural forces, preventing inadvertent backflow of air into the pleural space. If pneumothorax is severe and associated with respiratory distress and decreased oxygen saturation, a 24 Fr chest tube was inserted.
Statistical analysis
Results were collected, tabulated, and statistically analyzed by SPSS statistical package, version 23 (SPSS Inc. Released 2015, IBM SPSS statistics for Windows, version 23.0; IBM Corp., Armonk, New York, USA). Student t-test is a test of significance used for comparison of quantitative variables between two groups of normally distributed data, whereas Mann-Whitney test was used for comparison of quantitative variables between two groups of not normally distributed data. χ 2 test was used to study the association between qualitative variables. Whenever any of the expected cells were less than five, Fisher's exact test was used. Z test was used to compare two proportions in two groups. Two-sided P value of less than 0.05 was considered statistically significant.
Results
This study included 30 patients in whom MT was performed for diagnosis of exudative pleural effusion of unknown etiology. Their age was 57.90±12.22 years. Overall, 17 (56.7%) of them were males and 14 (46.7%) were smokers. The other group included 30 patients for whom CTG pleural biopsy was performed; their age was 57.43±12.13 years, 19 (63.3%) were males, and 16 (53.3%) were smokers. No significant statistical difference was found between the two groups (P>0.5%) ( Table 1) . Table 2 shows CT findings of patients in the two groups, with no significant difference between the patients in the two groups (P>0.5%).
Complications of MT were pain in six (20%) patients, prolonged air leak in two (6.7%) patients, and subcutaneous emphysema in two (6.7%) patients, whereas the complications of CTG pleural biopsy were pain in three (10%) patients and pneumothorax in two (6.7%), with no significant difference (P>0.5%) ( Table 3 and Figures 1, 2) . Pain was managed by analgesics, prolonged air leak by application of low negative suction pressure, whereas cases of pneumothorax were managed by observation and oxygen and no chest drain was required.
The lesions of the pleura during MT were pleural nodules, pleural masses, diffuse pleural infiltrates, and pleural thickening with adhesions, which were correlated with histopathological diagnosis of these lesions (Figure 3) . Table 4 and Figure 4 show the diagnostic yield and histopathological result of MT and CTG pleural biopsy, which demonstrate that the most common histopathological diagnosis was metastatic adenocarcinoma in seven (23.3%) patients and six (20.0%) patients in MT group and CTG pleural biopsy group, respectively, followed by tuberculous pleurisy in five (16.7%) patients and four (13.3%) patients in MT and CTG pleural biopsy groups, respectively, with no significant difference (P>0.05). The diagnosis was undetermined in one (3.3%) patient in MT group and in three (10%) patients in CTG pleural biopsy group, with no significant difference.
The length of hospital stay was 5.13±1.63 days in MT group and 2.83±1.23 days in CTG biopsy group; the difference between the two groups was highly significant (P<0.001).
The sensitivity of MT was 96.6%, whereas in CTG pleural biopsy group was 90% ( Table 5) .
Discussion
Thoracoscopy has the advantage of visualization of the pleural space for diagnosis in addition to its therapeutic role in talc pleurodesis, which can be performed in the same session [19] [20] [21] .
The diagnostic yield of thoracoscopy either videoassisted thoracoscopic surgery or MT is up to 91-95% in pleural malignancy, reaching 100% in case of tuberculous pleurisy [22, 23] .
CTG pleural biopsy is a minimal invasive technique, is rapid, is of low cost, and provides accessible approach in comparison with thoracoscopic biopsy [15] .
The most prevalent complications of MT reported by Kaiser and Bavaria [24] were prolonged air leak (3.7%) and wound infection (1.9%). However, prolonged air leak was not the most prevalent complication in our study, as it occurred in two (6.7%) patients. However, Kim and colleagues reported reexpansion pulmonary edema in one of 26 patients.
Similar to our findings, Prabhu and Narasimhan [25] performed MT for 68 patients and reported minor Table 3 Complications of medical thoracoscopic and computed tomography-guided pleural biopsy in both groups complications in the form of prolonged air leak in one patient and subcutaneous emphysema in three patients.
One study reported complications in seven (11.5%) patients after thoracoscopic biopsy in the form of surgical emphysema in four and wound infection and empyema in three patients [26] . Some investigators performed MT for 35 cases with undiagnosed pleural effusion, and they reported empyema in two (5.2%) cases, with no other complications [27] .
One recent study [28] was carried out on 127 patients, and complications were reported in 21 (16.5%) patients, where three patients out of them had lung laceration during introduction of trocar, and this was the serious complication occurred during MT.
A study of 21 patients who underwent CTG pleural biopsy of malignant mesothelioma revealed the complications were chest wall hematoma in one patient and hemoptysis in one patient, for whom no intervention was required [29] .
Maskell et al. [30] compared blind versus CTG biopsy, and no complications were recorded in CTG biopsy technique. However, Benamore et al. [7] reported bleeding in 7.5% of 85 patients who underwent either CTG or US-guided pleural biopsy; those patients did not need blood transfusion. Moreover, pneumothorax was detected in 4.7% of cases in chest radiograph, and no one required chest drain. No confident histopathology was reached in 10 (12%) cases.
Like our results, some authors [16] randomized 31 patients with malignant pleural effusion diagnosed by positive cytology into two groups for CTG biopsy or Abrams needle pleural biopsy. They reported pneumothorax in two (12.5%) patients and bleeding in two (12.5%) patients after CTG biopsy.
Some investigators [31] studied patients with undiagnosed pleural effusion who underwent MT over years 2005-2014; they concluded that MT is a well-tolerated procedure with low risk of complications.
In our study, the length of hospital stay was 5.13±1.63 days in MT group and 2.83±1.23 days in CTG biopsy group. However, one study, Ahmed et al [28] reported the median duration of tube drainage of 7 days. CT, computed tomography.
Figure 4
Histopathological diagnosis of medical thoracoscopic and CT-guided pleural biopsy. CT, computed tomography. In the study of Kim et al. [32] , the median duration of chest tube drainage was 3 days after diagnostic thoracoscopy. However, the duration of hospital stay in our study was slightly longer; this may be explained by prolonged air leak and subcutaneous emphysema, which were reported as complications of MT.
Kim et al. [32] did 26 diagnostic thoracoscopic procedures for patients with unexplained pleural effusion and 19 cases were diagnosed: pleural metastasis in 12 patients and nonmalignant diseases in seven patients. However, seven patients remain undiagnosed after performing MT.
In this study, the most common histopathological diagnosis was metastatic adenocarcinoma in seven (23.3%) patients and six (20.0%) patients in MT group and CTG pleural biopsy group, respectively; this is in accordance with Wu et al. [31] , who found that the most common causes of malignant pleural effusion by MT was metastatic adenocarcinoma then malignant mesothelioma followed by lymphoma and other neoplastic causes.
In this study, the diagnostic yield of MT was 29/30 (96.6%) patients for MT group and 27/30 (90%) patients in CTG pleural biopsy group, which was comparable to previous studies [14, [33] [34] [35] .
In our study, it was observed that visualization of the pleural surfaces during thoracoscopy procedure enables predicting the diagnosis; this is in agreement with Prabhu and Narasimhan [25] who stated that inspection of the pleura by thoracoscopy helps in reaching the diagnosis.
Diacon et al. [23] compared thoracoscopic biopsy under local anesthesia with Abrams needle biopsy and reported sensitivity of 100% for thoracoscopy for diagnosis of tuberculosis. Benamore et al. [7] reported sensitivity of image-guided biopsy of 100%.
In agreement with the findings of our study, Sakuraba et al. [36] found that the diagnostic yield of thoracoscopic pleural biopsy was 97.1%. Metintas et al. [9] enrolled 124 cases of undiagnosed pleural effusion who were randomized to either CTG biopsy using Abrams needle or thoracoscopy and reported the diagnostic rate of 87.5 and 94.1% of CTG and thoracoscopy, respectively, for tuberculosis or malignancy; this is in accordance with some studies [37, 38] that reported high sensitivity (95%) of MT.
A recent study that performed MT reported benign etiology in 58 (45.7%), malignant in 69 (54.3%), and failed in two cases because of extensive adhesions [28] .
Metintas et al. [9] showed success rate of 87% of CTG biopsy, and in previous study of Metintas et al. [39] , the success rate was 83%.
Like our findings, Metintas et al. [40] recommended CTG pleural biopsy using Abrams' needle for diagnosis of pleural effusion in patients who have pleural lesion of 1 cm or more. However, they recommended MT as a first diagnostic procedure for patients who have only pleural fluid or pleural lesion is less than 1 cm.
Exposure to ionizing radiation, inspection of only transverse sections, as well as absence of real-time ability are disadvantages of CTG biopsy [6] . Moreover, Ibrahim et al. [38] observed that one of the limitations of CTG biopsy is radiation exposure to the radiologist during the procedure.
However, Rahman and Gleeson [8] concluded that thoracoscopic and image-guided biopsies have high diagnostic yields and considered both are complementary techniques in some clinical conditions.
Conclusion
MT is considered safe technique with high diagnostic yield. CTG tru-cut pleural biopsy is a simple, minimally invasive procedure in diagnosis of unexplained pleural effusion. CTG biopsy is helpful in the patients who have minimal or no pleural effusion but have accessible pleural-based lesion. MT is efficacious in diagnosis of pleural effusion even in the absence of pleural lesion in addition to its therapeutic role. Proper selection of the procedure will increase the diagnostic value of each procedure.
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